as the high incidence of AKI, early diagnosis and the development of effective therapeutic strategies are essential.
With the rise and development of tissue engineering, stem cells have become the focus of life science. According to the different developmental stages, it can be divided into embryonic stem cells (ESCs) and adult stem cells (ASCs). Amniotic fluid-derived stem cells (AFSCs) between adult stem cells and ESCs, characterized by expression of the surface antigen c-kit (CD117), 6 are able to give rise to lineages representing the 3 germ layers, such as osteoblasts, myocytes, cardiomyocy, chondrocytes and adipocytes. [7] [8] [9] [10] [11] AFSCs have been considered as one of the most likely sources of endogenous tissue repair in the light of self-renewal ability, high proliferative potential, lack of immunogenicity, low risk of tumorigenicity, safety considerations and absence of ethical concerns. 12, 13 Their efficacy in the repair of kidney injury has been described in several studies. 14, 15 In addition to differentiating into kidney cells, 16 AFSCs can improve renal function by limiting tubular damage. 17 Moreover, they are beneficial to reducing inflammation reaction and inhibiting the renal fibrosis, so as to slow down the progress of chronic renal failure when injected in a murine model of unilateral ureteral obstruction. 18 Similar result was verified in a preclinical porcine model of renal transplantation. 19 Surveys such as that conducted by Perin L have shown that AFSCs play a central role in acute tubular necrosis. 20 However, the underlying mechanisms which affect tissue repair and regeneration remain to be understood. What is widely recognized is mainly by migrating to the renal tissue and differentiating into the renal cells. 16 While this latter discovery provided new insights into the pivotal role played by AFSCs secretome. 21 Their secretion of cytokines participate in the repair of renal tubular structure and function to ameliorate the local microenvironment, which makes them strong candidates for cell therapy in the long run.
Glial cell line-derived neurotrophic factor (GDNF) is one of the dopaminergic neuron nutritional factor, which was first purified from B49 glial cells and exists throughout the central nervous system and part of the peripheral system. Accumulating evidences have indicated that GDNF exerts potent neuroprotective effects in different experimental models of brain injury 22 by way of increasing the viability of ischaemic tissues. More paramount importance is to reduce the overall intensity of inflammation cytokines and oxidative stress, and completely block the generation of NO. 23, 24 Recent advances have boosted efforts to explore the potential of GDNF to promote the proliferation and differentiation of stem cells. 25 In addition, it can mediate AFSCs through stimulating the production or secretion of other beneficial factors. 26, 27 However, little is known about the detailed mechanisms underlying this process.
Therefore, this study aimed to examine whether GDNF-engineered AFSCs can enhance anti-apoptosis activity and promote cell repair in RIRI.
| MATERIALS AND METHODS

| Ethics statement
All methods were performed in accordance with the relevant guidelines and regulations. hAFCS samples were collected with the written consent of subjects, and the protocol was obtained after receiving approval from the Institutional Review Board of the Affiliated Hospital of Xuzhou Medical College. The approval number is xyfylw2013032. All experimental procedures using human Amniotic Fluid Cells samples in this study were reviewed and approved by the ethics committee. 
| Cell culture
| Lentivirus vector production
A green fluorescent protein (GFP) label for a lentivirus vector plasmid system carrying the GDNF gene was constructed by Shanghai Jikai Gene Technology Co., Ltd.
| Stable expression of GDNF in AFSCs
Amniotic fluid-derived stem cells were transfected with adenovirus vectors at an appropriate multiplicity of infection (MOI) = 20. Briefly,
AFSCs were seeded at a density that allowed them to grow to 70%-80% confluence on the day of transduction. Cells were transfected for 8-12 hours via exposure to virus-containing supernatants in the presence of 8 μg/mL polybrene. Vector-containing medium was replaced with fresh medium, and cells were incubated at 37°C in a CO 2 incubator. GFP expression was observed by performing fluorescence microscopy at 1, 3 and 5 days after lentiviral vector transfection.
| Cell H/R
The H/R model was designed to mimic renal cell I/R injury in vitro.
Before the procedure, mRTECs at 4.0 × 10 5 cells/well were cultured in 6-well plates and incubated at 37°C in a humidified atmosphere with 5% CO2 for 48 hours. At 80% confluence, the cells were washed with phosphate-buffered saline (PBS) and incubated in paraffin at 37°C, 5% CO 2 for 90 minutes. 28 Then we removed the paraffin, used PBS to eliminate non-attached cells and added the fresh medium to the cells.
| In vitro co-culture
After establishing the H/R model, a co-culture system was built. In this regard, mRTECs were grown in lower chamber of transwell dishes in DMEM/high glucose medium containing 10% FBS. Simultaneously, the GDNF-AFSCs and AFSCs were cultured in the upper chambers. GDNFAFSCs or AFSCs were co-cultivated with mRTECs in a transwell system with a 0.4 mm pore size after being treated with paraffin for 90 minutes. 
| Detection of intracellular reactive oxygen species (ROS) production and biomarkers of oxidative stress
The intracellular accumulation of ROS was determined by fluorescence microscopy using 2′-7′-Dichlorodihydroflurescein diacetate (DCFH-DA). Briefly, mRTECs planted in 6-well plates were subjected to H/R protocol. After co-culturing with GDNF-AFSCs and AFSCs for 3 days, mRTECs were washed twice with PBS and incubated in the presence of 10 mol/L DCFH-DA in serum-free medium at 37°C for 30 minutes. Afterwards, the harvested cells were washed with serumfree culture medium. ROS released from mRTECs were measured by a fluorescence microscope (Nikon Eclipse Ti, Japan) and followed by the determination of fluorescence intensity. Levels of intracellular oxidative stress were reflected by mean fluorescence intensity of dichlorofluorescein (DCF) as described.
To measure the amount of lipid peroxidation, mRTECs were collected for detection of superoxide dismutase (SOD) and malondialdehyde (MDA) activities using specific assay kits (Beyotime) according to the manufacturer's instructions. 
| Flow cytometry
Flow cytometry was used to assess the membrane and nuclear events during apoptosis. The H/R mRTECs, following their co-culture with GDNF-AFSCs and AFSCs, were harvested by trypsinization after 3 days and washed twice in cold PBS. Next, cells were suspended in 500 μL binding buffer containing 5 μL Annexin V-FITC and 5 μL PI (propidium iodide) (KeyGEN, Nanjing, China), gently mixed with a pipette and incubated at room temperature for 15 minutes. The apoptotic rate was obtained from the percentage of cells which were double-stained by Annexin V and PI detected by a flow cytometry (Becton-Dickinson, USA).
| Evaluation of caspase-3 activity
Relative caspase-3 activity was determined with a caspase-3 assay kit (Beyotime). Briefly, following treatment with paraffin for 90 minutes in 96-well plates, mRTECs were co-cultivated with GDNF-AFSCs or AFSCs in the transwell plates as described before.
mRTECs were harvested by incubating 10 μL protein of cell lysate per sample in 80 μL reaction buffer containing 10 μL caspase-3 substrate (Ac-DEVD-pNA) (2 mmol/L). Lysates were incubated at 37°C for 2 hours. Samples were measured spectrophotometrically at a wave length of 405 nm using Colorimetric Assay kits from R&D Systems (Thermo Scientific, Rockford, IL, USA).
| Western blot analysis
Cells were harvested and the whole proteins were extracted using pro- 
| Statistical analysis
All data are expressed as mean values with standard deviations (mean ± SD). Differences between groups were assessed using Student's t test and 1-way analysis of variance (ANOVA) in SPSS 22.0 software (SPSS, Chicago, IL, USA). P < .05 was considered statistically significant.
| RESULTS
| AFSC extraction
After the initial plating of cells from the human amniotic fluid, few fibroblast-like cells attached to the surface of the 25-cm 2 tissue culture flasks within 3 days, with no visible directionality when cultured to 90% confluence ( Figure 1A ).
| Lentivirus transfection
Lentivirus vectors were constructed by Shanghai Jikai Gene Technology
Con, and a MOI of 20 was used. Fluorescence microscopy was performed to observe GFP,which was indicative of transfection efficiency.
Faint green fluorescence was observed after transfection on the first day.
Fluorescence was obviously enhanced by the fifth day ( Figure 1B-D) .
| Modulation of growth factor expression following co-culturing
Having determined that GDNF-engineered AFSCs upregulated some growth factors, 27 suggesting that the cytoprotective effects of GDNF-AFSCs may be attributed to the induction of these growth factors in injured mRTECs.
| Co-culture of GDNF-AFSCs modified mRTECs oxidative stress
In order to verify the anti-oxidation effect of GDNF-AFSCs on damaged mRTECs, the activities of SOD in mRTECs were detected. Following the treatment of paraffin, the level of SOD was dramatically decreased (P < .05). However, AFSCs and GDNF-AFSCs reversed the changes to the extent and there was no significant difference between the 2 groups (P > .05, Figure 3F ), which supported the notion that AFSCs have the ability to mitigate the toxicity of oxidative stress. For the purpose of further assessing antioxidant potent of GDNF, MDA was applied for experiment ( Figure 3G ). The concentration of MDA was quite high at the site of lesion compared with the control group (P < .05). After co-culturing for 3 days, GDNF-AFSCs did play a more prominent role in repressing endogenously the release of MDA than AFSCs (P < .05). Interestingly, similar trend appeared on the ROS production according to the results of DCF fluorescence ( Figure 3A-D) . Moreover, we observed the changes of Gp91-phox and nitrotyrosine at the protein level assessed by Western blot ( Figure 3H,I ). It is apparent that the expression of Gp91-phox and nitrotyrosine on normal renal tubular epithelial cells is very weak. After being exposed to H/R, Gp91-phox and nitrotyrosine at day 1 were significantly increased, and there was no significant difference between H/R group and AFSCs group (P > .05), whereas their expression was significantly inhibited in GDNF-AFSCs group (P < .05). Meanwhile, the expression of Gp91-phox and nitrotyrosine at day 3 in H/R group was significantly increased (P < .05), while was decreased in AFSCs and GDNFAFSCs groups (P < .05), especially in GDNF-AFSCs group (P < .05).
| Co-culture of GDNF-AFSCs restrained H/R-induced mRTECs apoptosis
What we have hypothesized is that the benefits of GDNF-AFSCs are related to the reduction of cellular oxidative stress, enhancement of the mitochondrial membrane potential and subsequent reversal of apoptosis.
To confirm the above speculation, the expression of anti-apoptotic Bcl-2 at day 1 in H/R group and AFSCs group were markedly decreased compared to that of the normal mRTECs as shown in Figure 4G and there was no significant difference between these 2 groups (P > .05), but their expression was significantly increased in GDNF-AFSCs group compared to that of the H/R group (P < .05). Meanwhile, the expression of Bcl-2 at day 3 in H/R group was significantly decreased (P < .05), while they were increased in AFSCs and GDNF-AFSCs groups (P < .05), especially in GDNF-AFSCs group (P < .05). On the contrary, mRTECs subjected to H/R injury responded with a notable increasing expression of Bax at day 1 and 3 in H/R group (P < .05), an indication of significant cell damage.
While they were significantly decreased in AFSCs and GDNF-AFSCs groups (P < .05, Figure 4G,H) , what is more, GDNF-AFSCs-treated group had a better effect on inhibiting the expressions of key apoptotic Figure 4B ), while the control group is least (P < .05, Figure 4A ). Moreover, compared with AFSCs group, apoptotic mRTECs in GDNF-AFSCs group significantly reduced (P < .05, Figure 4C ,D). All these data suggest that GDNF-AFSCs have a protective effect against H/R-induced apoptosis in mRTECs.
| DISCUSSION
Renal ischaemia reperfusion injury is an unavoidable process and is acknowledged as being involved in acute or chronic kidney transplant is a major source of ROS production in many non-phagocytic cells including renal mesangial cells. 29 Gp91-phox is a core regulatory subunit of NADPH oxidase. 30 It is reported that when the balance between the anti-oxidative and oxidative status was broken by oxygen, large numbers of ROS may activate mitochondrial stress pathways to cause mitochondrial injury. 31 Moreover, the production of NO probably leads to the cellular damage. releasing from mitochondria, cytochrome C is combined with apoptotic protease activating factor 1, resulting in the production of apoptotic body. In this case, caspase-9 is activated, inducing the activity of the effector protein caspase-3, which can make the apoptosis into irreversible stage. 38 As expected, the apoptosis mechanism of mRTECs has been started under the action of paraffin. The balance between Bax and Bcl-2 was disrupted, and in turn triggered the caspase cascade. While we observed that GDNF-AFSCs was likely to prevent the downward spiral of mitochondrial dysfunction and cell apoptosis by restoring the balance of Bax and Bcl-2 as well as depressing caspase-3 viability.
Multiple studies have identified that AFSCs possess the potential of antioxidant, free radical-scavenging activities, anti-apoptosis ability and reducing calcium overload caused by hypoxia. Intriguingly, the therapeutic effect of AFSCs could be enhanced by pre-treatment GDNF, which increased stem cells homing to the tubule interstitial compartment. Our experimental data also showed that GDNF-AFSCs treatment significantly reduced ONOO production, ROS generation and cell apoptosis as evidenced by the decreased levels of MDA, nitrotyrosine, Gp91-phox, Bax and caspase-3, as well as the increased levels of SOD and Bcl-2. According to these findings, we propose that GDNF-AFSCs are likely to have something to do with the endogenous antioxidant system via inhibiting the production and accumulation of ONOO and ROS, thus reducing mitochondrial stress-dependent apoptosis.
In a handful of in vitro studies, the H/R model could be a useful tool to simulate the situation of AKI in vitro. The co-culture system described here was used to separate cells from each other and only allow the secretion of cytokines to pass by, which forcibly proved that the interaction between the cells was derived from the paracrine mechanism. In a study by Prasongchean et al, AFSCs, as a rich source of factors acting in a paracrine manner, prevented cell death mainly through their secreted growth factors, rather than their differentiation and integration into the tissue. 39 As we have supposed, the repair effect of GDNF-AFSCs on the damaged mRTECs might put down to delivery of secreted trophic factors at high concentrations, 40 even if the underlying mechanism is still not completely clear.
The survival and growth of AFSCs need relatively favourable microenvironment. When the tissue is damaged, the environment of ischaemia or hypoxia is not conducive to cell survival and secretion of growth factors. Therefore, what we need to explore next is whether GDNF can inhibit the apoptosis of AFSCs and promote their proliferation and differentiation in animal experiments. Additionally, the effect of GDNF-AFSCs on the RIRI in vivo remains unknown, which is imperative to be further verified.
Our study showed that in a co-culture experimental model, the level of paraffin-induced ROS was significantly reduced in mRTECs, especially with the help of GDNF-AFSCs, which could get rid of oxygen free radicals and restrain cell apoptosis. Further studies are required to fully understand the underlying mechanisms, which will help us to put GDNF-AFSCs into practice and develop strategies for treating kidney disease. 
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